Objective: Memory formation is proposed to be a dual process that involves the simultaneous memorisation of both detailed information (itemspecific memory) and gist information (gist memory). Memory deficits have been reported in patients with Parkinson's disease (PD); however, few studies have explicitly addressed the nature of these deficits. To obtain a detailed understanding of memory dysfunction in patients with PD, it is of crucial importance to establish whether item-specific memory and gist memory performance are impaired. The aim of this study is to explore whether gist memory and itemspecific memory performance are still intact in patients with PD, as well as to determine which psychological mechanisms are responsible for memory formation. 
INTRODUCTION
Parkinson's disease (PD) is a neurodegenerative disease that is pathologically characterised by the loss of dopaminergic neurons in the substantia nigra, and it manifests clinically as resting tremor, rigidity, bradykinesia and postural instability. In light of the close connections between the basal ganglia and prefrontal cortex, 1 growing evidence has shown that non-motor symptoms may also be present in patients with PD, including neurocognitive dysfunction 2 and impairments in social cognitive function. 3 4 Neurocognitive impairment is one of the most common and devastating non-motor symptoms of PD. 2 The evidence shows that the mean prevalence of mild cognitive impairment is 27% (range: 19-38%), and that the prevalence of dementia in PD is more than 30%; 5 around 60%-78% of patients with PD ultimately develop dementia by the end of longer follow-up periods. 6 7 Memory dysfunction is frequently found in association with PD, 2 and the status of recognition memory in PD is controversial. Early studies have suggested that recognition is intact in PD; 8 nevertheless, a meta-analysis has shown that recognition can be significantly impaired in PD. 9 Strengths and limitations of this study ▪ This study offers a cross-disciplinary approach to explore non-motor function in patients with Parkinson's disease (PD). ▪ We expand on the current psychological knowledge (item-specific and gist memory) in clinical research. ▪ We find that gist memory is impaired in patients with advanced-stage PD, while item-specific memory is preserved. ▪ We propose that gist memory might be related to episodic memory abilities among early-stage patients with PD, whereas item-specific memory might also be related to episodic memory in advanced-stage patients with PD. ▪ Our study featured a small sample size of advanced-stage patients, which may affect the generalisability of our findings.
The process of memory formation is complicated, and single-process models are insufficient at explaining the process fully; therefore, the dual-process model of recognition memory was developed. Fuzzy trace theory (FTT) is a widely accepted theory that is used to explain the process of memory construction. 10 According to FTT, memory formation involves the simultaneous operation of dual processes that consist of the memorisation of detailed information (item-specific memory) and gist information (gist memory). Item-specific memory refers to one's memory for the specific or superficial features of a stimulus, whereas gist memory involves well-integrated tracking of the features that are shared among stimuli.
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On the basis of this framework, false memories may arise from an involvement of gist information, rather than from the verbatim trace used to recall certain information or from a disintegration of the two traces. Roediger and McDermott (1995) 12 modified Deese's 13 experiment and developed the Deese-Roediger-McDermott (DRM) paradigm, which enabled the false recognition effect to be replicated and employed to investigate item-specific, and gist memory performance, in normal and clinical populations (eg, in cases of epilepsy; 14 mild cognitive impairment (MCI); 15 Alzheimer's disease (AD); 16 and frontal lobe damage). [16] [17] [18] Memory for gist and item-specific information may require qualitatively distinct underlying psychological processes. 12 The encoding of gist information may partly rely on automatic activation processes; these are the processes through which activation of the familiarity of an item spreads to related concepts. In contrast, item-specific memory may depend on controlled/effortful activation processes. The possible underlying neural substrates for gist memory have been associated with the mesial temporal structures, 14 17-21 whereas the frontal lobes and adjacent structures, as well as the hippocampal gyrus might be engaged in the processing of item-specific memory. 16 17 21-24 Some investigators have proposed that episodic memory is required for participants to encode and memorise the general meaning of a list of related words; 15 25 however, other empirical evidence suggests that executive functions may contribute to the reduction of the false recognition effect. 16 Executive functions, which include monitoring and inhibition, are essential roles that are played by the frontal lobe. Normally, the frontal lobe exerts an inhibitory influence on the posterior cortical regions, particularly on the temporal lobes, through reciprocal connectivity of the frontotemporal circuits. Accordingly, an increase in gist-based memory may require activation of the mesial temporal structures resulting from an attenuation of frontal inhibitory input due to frontal dysfunction.
Although there is a growing consensus that dualprocess models provide a good description of memory function, only a few studies have been conducted with PD populations, and these have produced conflicting evidence. 26 27 Specifically, researchers have found that patients with PD showed diminished detail and context recognition memory, 27 and it was suggested that this reduction in recognition is primarily due to an impairment in familiarity rather than to a decline in one's memory for detail. 26 A separate study observed intact recognition in patients with PD; however, mild to moderately affected patients with PD were selectively impaired in terms of familiarity, but their memory for detail was intact. 28 Gaining a deeper understanding of the neuropsychological mechanisms underlying the gist-based memory framework will aid in our overall understanding of how memories are formed, and it may lead to future strategies for memory remediation in patients with memory deficits. However, to our knowledge, no clinical studies have investigated the gist-based memory framework using the traditional psychological approach-the DRM paradigm-in patients with PD. Furthermore, the underlying cognitive processes that mediate gist and item-specific memory remain unclear. Thus, the specific goals of this study are to examine the following issues: (1) are patients with PD more vulnerable to gist-based memory dysfunction when compared to normal participants? (2) Are there other associated cognitive processes that contribute to gist-based memory?
METHODS Participants
Thirty-nine patients who had been diagnosed with idiopathic PD according to the UK PD Society Brain Bank clinical diagnostic criteria, 29 as well as 28 community-based, normal control participants (NCs), were enrolled in this study. The patients with PD were recruited via referrals from neurologists at the Movement Disorders Centre. Each patient was assessed while 'ON' medication and the patients' motor disability ranged from mild to moderate severity, according to the Hoehn and Yahr (H&Y) staging criteria 30 (29 early-stage PD (H&Y stage: I-II) and 10 advanced-stage PD (H&Y stage: III)). The exclusion criteria included the following: illiteracy, a history of a brain operation, atypical parkinsonism (including dementia with Lewy bodies, progressive supranuclear palsy and multiple system atrophy), mood disorders (including depressive and anxiety disorders), psychosis, severe systemic disease and global cognitive deterioration (Mini-Mental State Examination (MMSE) <24). 31 All participants provided written informed consent prior to enrolment, in accordance with the ethical standards set forth in the Declaration of Helsinki (1964) . This study was approved by the ethics committees of the participating hospitals.
Gist-based recognition task
The design of this task was modified from the DRM paradigm 12 and the details have been published elsewhere by our group. 14 
MATERIALS AND DESIGN
Twelve semantically related word lists were selected from the Chinese word association norms. Each list contained 12 words; 12 words were presented during the learning phase in order of decreasing associative strength to the non-presented (but related) lure word. The 'critical lure' was not shown during the learning phase. For counterbalancing purposes, a total of 12 lists were divided into three sets of 4 lists. Every participant had an equal chance of using each word list group. Every participant was presented with 8 lists. The 36 words used in the recognition phase were obtained from the 12 lists, and the selected words consisted of 16 presented items in the studied list (targets), 8 items in the unstudied list (target distracters), 8 lure items from the non-presented critical lure in each studied list and 4 items from the critical lure of each unstudied list (lure distracters). These 36 words were divided into two groups, and the words in the same group were displayed in a randomised sequence.
During the learning phase, all participants were instructed to read and memorise the words displayed on the screen and they were reminded that their memories for these items would be tested later. Words from a given list were displayed sequentially with no break provided between different lists. We then performed the orientation task (ie, orientation to time and place) before the recognition phase, which took approximately 3 min to complete; this was used as a filler task (retention phase). During the recognition phase, participants were instructed to recognise the words shown on the screen, and they were allowed to make decisions at their own pace. The participants then judged whether each item was 'old' (ie, it had been shown previously, during the learning phase) or 'new', by pressing the key labelled 'old' or 'new', respectively. Each word was displayed at the centre of a 15-inch LCD screen using the DMDX software programme on a laptop, featuring a reading distance of approximately 60 cm.
We separately calculated the probabilities with which participants gave 'old' responses for targets, target distracters, critical lures and lure distracters. In order to avoid the participants' response bias, we computed the corrected target recognition rate by subtracting the number of 'old' responses for target distracters from the number of 'old' responses for targets; we also calculated the corrected lure recognition rate by subtracting the number of 'old' responses for lure distracters from the number of 'old' responses for critical lures for each subject. We defined the corrected lure recognition rate as the gist memory of the DRM paradigm; item-specific memory was defined by subtracting the number of 'old' responses for critical lures from the number of 'old' responses for targets.
Executive function
The Modified Card Sorting Test (MCST), 32 the semantic ('fruit', 'fish' and 'vegetable' categories) word association component of the Verbal Fluency (VF) Test 33 and the Trail Making Test (TMT), 34 were applied. The numbers of achieved categories and perseverative errors were used as MCST indices. For the VF Test, participants were asked to report as many items as possible within each category, in 1 min. The score was a summation of the participants' responses in those categories. The TMT scores are reported as the number of seconds required to complete the task; therefore, higher scores reveal greater impairment.
Memory function
The Logical Memory subtest of the Taiwan version of the Wechsler Memory Scale-Third Edition (WMS-III) was used to measure various memory functions, including immediate and delayed recall and recognition. 35 Both immediate and delayed recall consisted of scores for free recall and thematic recall units.
Statistical analysis
The data were examined for normality and homogeneity of variance. The χ 2 test, Mann-Whitney U test and Kruskal-Wallis test, were used to examine group differences in non-parametric variables. Furthermore, t tests and one-way analysis of variance (ANOVA) were performed. For all significant effects (determined by an α-level of 0.05), post hoc Fisher's Least Significant Difference (LSD) tests were applied. To examine the potential relationships between variables, we calculated Pearson's correlation coefficients (for parametric data) and Spearman's rank correlations (for non-parametric data). The analyses were carried out with SPSS V.17.0 for Windows (SPSS, Inc, Chicago, Illinois, USA).
RESULTS

Clinical and neuropsychological background
The demographic and clinical data are summarised in table 1. The three experimental subgroups did not differ in terms of age or gender. The subgroups of patients with PD were also equated according to their age at onset; however, those in the advanced-stage PD group had longer disease duration than those in the early-stage PD group (U=47.5, p=0.012). Patients scored significantly lower on all measures of the Logical Memory subtest (immediate free ( p=0.001) and theme recall ( p=0.001) scores, as well as on the delayed free ( p<0.0001) and theme recall ( p<0.0001) scores, and recognition scores ( p=0.005)). Regarding the executive function tests, a significant difference was found between the study groups on the MCST (achieved categories, p<0.0001; perseverative errors, p=0.002)); moreover, advanced-stage patients with PDperformed significantly worse than the NCs on the VF Test ( p=0.008).
Gist versus item-specific memory As shown in table 2 and figure 1, after correcting for response bias, the ANOVA revealed a significant group difference in gist memory (F 2,64 =3.58, p=0.033). Post hoc tests indicated that the advanced-stage PD group had the worst gist memory performance. No significant difference in item-specific memory was found between the three groups. Furthermore, there was a significant group effect (F 2,64 =6.00, p=0.004) for the corrected target recognition rate (studied-unstudied). At the individual level, there was a significant intra-subject difference in the performance of item-specific memory relative to that of gist memory in the DRM paradigm among early-stage patients with PD ( paired t test, t(28) =4.13, p<0.0001) and NCs (t(27)=4.23, p<0.0001).
Correlations between the gist-based recognition task and cognitive function There was no significant correlation between scores on the gist-based task (gist memory and item-specific memory) and disease duration in the two patient groups (see table 3 ). The correlations between variables were computed separately for the three population groups. Gist memory was positively associated with the scaled score of the LM-I free recall (r=0.52, p=0.01) in the early-stage PD group, while item-specific memory was positively correlated with the LM-II thematic (r=0.73, p=0.01). Nevertheless, no significant correlation was found in the advanced-stage PD group.
DISCUSSION
In this study, the corrected target recognition rate, gist memory performance and item-specific memory performance of older adults, were compatible with previously published results. [14] [15] [16] An important finding is that advanced-stage patients with PD had severe gist memory impairment, whereas the gist memory performance among early-stage patients with PD was comparable to that of NCs. This result is partially consistent with previous studies reporting that patients with neurodegenerative disease demonstrated a decline in gist memory performance, similar to what has been found among patients with MCI 15 and AD. 16 In contrast to previous studies on PD, [26] [27] [28] these data suggest that not all patients with PD have impaired gist memory and that early-stage patients with PD are better able to recall gist information than they are detailed information. This indicates that the superiority of gist memory over itemspecific memory found in normal elderly individuals is preserved in early-stage patients with PD. Our study emphasises disease heterogeneity among PD populations, and the results of this study suggest that the ability to develop gist representations from associative information gradually declines as PD progresses. The advancedstage patients with PD identified fewer semantically unrelated words than did the other two groups, suggesting that there was an abnormality in the organisation of the semantic network in advanced-stage patients with PD. According to the dual-process model, our early-stage patients with PD may use both gist and item-specific memory to process memory information, while gist memory was vulnerable in advanced patients with PD. The present findings corroborate and expand on the previous research in terms of overall recognition memory performance in patients with PD. Our patients with PD recognised fewer studied items (as measured by the corrected target recognition rate) relative to healthy controls. These findings are compatible with the previous literature; 9 27 thus, we suggest that patients with PD have impaired recognition memory.
The second aim of the present study was to examine the underlying cognitive processing of gist and itemspecific memory in patients with PD. With respect to the relationship between the corrected target recognition rate, gist memory and item-specific memory, a series of correlation analyses revealed a similar pattern in NCs and early-stage patients with PD: there was a positive correlation between the corrected target recognition rate and gist memory, and a negative correlation between gist memory and item-specific memory. Among the earlystage patients with PD and NCs, enhanced gist memory performance was correlated with a higher corrected target recognition rate. However, this association did not apply to advanced-stage patients with PD. These patients showed no association between the corrected target recognition rate, gist memory and item-specific memory. The association varied within each group, raising the possibility that PD participants with different degrees of disease severity may apply different cognitive resources within the framework of the dual-process model.
Regarding the individual contributions of memory and executive function on gist and item-specific memory performance, in ageing and patients with PD with varying degrees of disease severity in our ageing population, and early-stage patients with PD, item-specific memory was significantly related to executive function, particularly the flexibility of cognition. This is compatible with previous studies and suggests that item-specific memory is closely related to frontal lobe function, 17 18 21 24 and gist memory is mainly related to mesial temporal lobe function. 14 17-21 However, our advanced-stage patients with PD appeared to rely on their mesial temporal function, rather than on frontal lobe function, which is responsible for item-specific memory. No associations were found between gist memory performance and other neuropsychological functions in the ageing population. The nature of the task used in this study might account for this finding because the DRM paradigm-a recognition task employed in this study-was less effortful than the recall task. These intergroup differences indicate that gist and item-specific memory depend on distinct cognitive processes, which vary according to the nature of the specific population being studied. We suggest that early-stage patients with PD require greater psychological abilities than the normal ageing population when generating gist memory. Our findings are compatible with those of previous studies, suggesting that the underlying neural substrates responsible for gist memory may be related to temporal structures. 14 17-21 It seems that the relatively preserved temporal lobe-related memory function in our patients with PD enabled this group to generate or maintain item-specific memory; this compensatory effect ultimately prevented this memory function from completely breaking down in these patients. However, as the disease progressed, the advanced patients with PD suffered from the deterioration of cortical function to an even greater degree, and their processing capacitywhich is normally provided by the mesial temporal cortices for gist memory-was significantly reduced. Subsequently, this aspect of memory function exhibited a deficit as a result of the mesial temporal cortices Figure 1 Gist and item-specific memory performances among the study groups (*p<0.05). The advanced-stage PD group exhibited the worst gist memory performance; no significant difference in item-specific memory performance was found between the three groups. NC, normal controls; PD, Parkinson's disease. persistently taking on this compensatory role. Further studies involving structural (eg, Voxel-based morphometry, VBM) or functional brain imaging measurements to explore this issue are necessary.
Although early-stage patients with PD display a similar pattern during the gist-based memory task with normal ageing, we found that 10.3% of early-stage patients with PD had gist memory performances that fell below the 5th centile of NCs. From a clinical perspective, these patients should not be ignored. A comprehensive evaluation of a patient's cognitive status is crucial for planning cognitive training programmes for patients with PD. Future work focusing on educational and medical care programmes specifically tailored to these patients and their caregivers is also required. Moreover, determining whether impaired gist memory is an early predictor of brain alterations in patients with PD remains an interesting topic. One limitation of the present study is that there was a lack of a comprehensive motor evaluation to categorise the patients into different subgroups. Emerging evidence suggests that different motor symptoms might be related to different levels of cognitive function. 36 37 We hope that further research will give consideration to the motor heterogeneity of patients with PD. Moreover, 'advanced-stage' PD only included stage III patients in the current study; the small sample size of advanced-stage patients with PD might restrict our interpretation of the results, particularly with respect to the lack of an association between the corrected target recognition rate, gist memory performance and item-specific memory performance. Further work assessing more advanced-stage patients with PD to confirm our findings is also needed. Second, the role of executive function in gist and item-specific memory remains a very promising area of research. We know that executive function is a complex construct, and future research should investigate this function in a more comprehensive way, such as monitoring and initiation ability, to specifically determine the relationship between executive function, gist memory performance and item-specific memory performance. Lastly, factors such as education and medication were also weaknesses in this study; specifically, the impact of these factors on gist memory performance has yet to be clarified and requires future research to explore this potential association.
In summary, to the best of our knowledge, this is the first study to investigate the false recognition effect in patients with PD using the DRM paradigm. The results indicate that gist memory function is preserved in the early-stage PD group; however, impaired gist memory develops in advanced-stage patients with PD. These findings suggest that patients in the early stage of PD could use their preserved gist memory as a potential tool during a memory rehabilitation programme. Thus, our findings may be helpful when developing medical care programmes or designing specific memory rehabilitation strategies for patients with PD. 
